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Abstract
Transmission spectra in quasiperiodic multilayered band gap structures in high frequency are calculated by using a theoretical
model based on Abeles method at any incidence angle and both polarisations S and P. It has been found that the propagation of
electromagnetic waves is forbidden in some frequency bands. The forbidden gap included microwave region has been observed
for the twelve orders of Fibonacci sequence .This result is compared by periodic sequence. Forbidden gap can be generated in
this frequency band by stacking together layers of different dielectric materials A and B according to simple rules. For simplicity,
the thicknesses dA,B of the two materials, Roger (layer A) and air (layer B), have been chosen to satisfy the Bragg condition. We
noted unusual physical properties like the formation of large photonic band gaps for the tow polarizations S and P in high
frequency band width. The study of the deformed Fibonacci stack so that the coordinates y of the deformed object were
determined through the coordinates x of the Fibonacci stack in accordance with the following rule y = xk +1 leads to an
omnidirectional high reflector band in the desired wavelength spectral range.
© 2009 Elsevier B.V.
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1. Introduction
The existence of photonic band gaps (PBGs) has brought about an unprecedented power to control and
manipulate the propagation of electromagnetic (EM) waves [1,3] (See [2] ). The simplest form of a photonic crystal
is the one dimensional periodic structure. It is known as Bragg Mirror [4-5]. It consists of a stack of alternating
layers having a low and a high refractive index and a thickness on the order of /4 where  is the wavelength of the
light [6]. Furthermore, the introduction of defects into the photonic crystals, combined with the properties based on
the existence of the bands structure offers the prospect to carry out optical or electromagnetic devices able to store,
guide and filter the light on the wavelength scale [7-8]. Also, the properties of one-dimensional periodic and
quasiperiodic photonic crystals with a defect layer have been investigated by E. Abdel-Rahman and al [9]. In this
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case, he studied the effect of position, thickness and index of refraction of a defect layer on the transmission
spectrum and the defect mode of periodic photonic structure (PPC) as well as quasiperiodic photonic structures
(QPC). A. Rostami [10] purpose a suitable method for realization of multi-band optical filters based on
quasiperiodic structures. So, here, we try to establish a relationship between the Fibonacci quasi crystals and
superimposed Bragg Gratings.
In this paper we describe a design procedure for omnidirectional high reflectors in microwave region by use of
only a deformed stack which is constructed according the Fibonacci sequence so that the coordinates y of the
deformed object were determined through the coordinates x of the Fibonacci stack in accordance with the following
rule: y = x1+k, Here k is the coefficient defining the deformation degree. In our study, all the regions are assumed to
be linear, homogenous, non-absorbing. We have analyzed reflection spectra of Fibonacci sequence-multilayer
structures. We have found different properties of reflection spectra in high frequency band width. We propose a new
class of one-dimensional (1D) photonic stop band filter in this band width.
2. Quasiperiodic Fibonacci multilayer
One dimensional quasiperiodic multilayer can be generated by stacking together layers of different dielectric
materials, A and B, according some rules. By this PQ’s show the possibility of forming several multiple frequency
band-gap regions, called pseudo band-gaps [11] and give a peculiar physical property like the presence of fractal
transmission resonances [12]. The most important and well known quasi-periodic structures are the Fibonacci
sequence (FS) [13, 14], the Thue-Morse sequence (T-MS) [15, 16] and the Cantor sequence (CS) [16, 17].
The Fibonacci multilayer is recursively constructed as { }11 , −+ = jjj SSS for 1j ≥ , where jS is the thj generation of
FS. For examples, { }HLS2 = , { }HLHS3 = , { }HLHHLS4 = and so on. Here { }LS0 = and { }HS1 = and H and L are
defined as ),( HH dn and ),( LL dn respectively. The Fibonacci number is defined as 1jj1j FFF −+ += ( 1≥j ); with
1FF 01 == [18]. For a list of the definitions of the seven Fibonacci sequences refer to table 1.
Table1. Generation Fibonacci repeated by the substitution rule  (H) = HL,  (L) = H.
Sequence Sj+1 = Sj Sj-1 Number of layer
S0 L 1
S1 H 1
S2 HL 2
S3 HLH 3
S4 HLHHL 5
S5 HLHHL HLH 8
S6 HLHHL HLH HLHHL 13
S7 HLHHL HLH HLHHL HLHHL HLH 21
3. Problem Formulation
In this paper we use the matrix method to solve the photonic band structure for 1D deformed photonic
crystal structures. This method was more used to the study of PBG materials and it can solve the standard problem
of the photonic band structures and the scattering (transmission, reflection, and absorption) spectrum.
It is based on Abeles method [19] in terms of forward and backward propagating electric field (see the details in
reference [20]).
4. Results and discussion
In the following numerical investigation, we chose Roger (H) and air (L) as two elementary layers, with
refractive indices (nL =1) and (nH =3.194). The thicknesses of both kinds of layers in the two structures are such that
dL = λ0/4nL and dH = λ0/4nH, where λ0 is the free space wavelength. According to these conditions, dH = 0.957 mm
and dL =3 mm. We assume that the front and the back media have refractive index n0 (air refractive index).
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Figure 1 shows the reflectance spectra of (a) the periodic multilayer which presents a large photonic band-gap
between 0 and 50 GHz centred at 25 GHz and (b) the multilayer Fibonacci sample (S6) with a broad photonic
forbidden gap with successive harmonic ordered pseudo stop bands before and after the most important photonic
band gap (PBG). It is clear that this photonic band gap contains a peak at a frequency centre 25 GHz. So the
transmission of wave is possible inside this photonic band gap (PBG).The origin of the fundamental Fibonacci band-
gaps can be attributed to local correlations in the form of periodic strings with the corresponding frequency and the
layer distributions [21].
Fig. 1. Transmission spectra versus frequency (Hz) for: (a) periodic multilayer structure with 21 layers and (b) multilayer Fibonacci sample (S6)
Figure 2 (a) shows the reflectance spectra in 3D representation for the 12th Fibonacci generation sequences (S12)
for both modes of polarizations S and P. It is clear that a weak PBG which covers the wavelengths between 14.46
mm and 15.32 mm corresponding to the High frequency bandwidth: [19.58,20.74] GHz appears for the tow
polarizations S and P. We show that in the case of the deformed Fibonacci stack by applying the power law y = xk +1,
the PBG is sensitive to the values of the deformation degree k.
Indeed, as it shown in figure 2 (b) the PBG is more enhanced for k=0.02 for the same iteration. The PBG is
clearly broaden and the reflection spectrum exhibits a global structure covering a large spectral range containing the
following band [λlong=12.48mm,λshort=16.2mm] corresponding to the frequency range [f=18.51 GHz, f=24,03 GHz].
Figure 3 shows a photonic band gap only for incidence angle between 0 and 90° for which the reflection values in
both cases TE and TM reach 100%. Thus, the variation of λLong ,λshort in both TE and TM polarized light showed an
omnidirectional high reflection band of 0.93 mm between λlong(θ),λshort(θ) without deformation (k=0) in figure 4-a
and 3.74 mm and for example for k=0.02 (figure 4-b). It forms a photonic band gap covering the field spectral
containing a large high frequency band. Consequently, this deformation leads to a widening of the forbidden gap
which increases gradually according to the value of deformation as we can see from the figure 4.c which
corresponding for the case k=0.04. In this case the PBG covers wavelength spectral domain of 4.84 mm.
Consequently,, the choice of the jth generation of the Fibonacci sequence, the degree of deformation k and the
reference wavelength 0 are indispensable factors to create the forbidden gap which can cover the desired frequency
bands. It is interesting to note that this result is impossible to reach in the case of the no deformed system by the y
function.
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Fig. 3. Variation of the limits of the forbidden gap according to the angle of incidence in mode S and P for
λ∈ [5, 30] mm, θ∈ [0, 1.57] radium, nL =1 (air) and nH = 3.194 (Roger): (a) without deformation (k=0), (b) with deformation degree (k=0.02)
and (c) with deformation degree (k=0.04).
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Fig. 2. Reflectance spectra for P and S-polarized wave of a quarter-wave stack of the 12th Fibonacci sequence (a) without deformation
(k=0) and (b) with deformation degree (k=0.02).
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5. Conclusion
In conclusion, we have studied the reflectance response in microwave region by use of only a deformed stack
which is constructed according the Fibonacci sequence so that the coordinates y of the deformed object were
determined through the coordinates x of the Fibonacci stack in accordance with the following rule: y = x1+k, Here k
is the coefficient defining the deformation degree. The optimization of the parameters such as the deformation
degree k, the jth generation of the Fibonacci sequence, as well as the reference wavelength permits us to reach our
objectives. An omnidirectional high-reflection band covering the high frequency bands is established and a stop
band filter can be easily designed in high frequency band. We show that the complete omnidirectional photonic band
gap becomes wider with increasing the degree of deformation k. So, we purpose in this paper a good candidate for the
improvement and design of microwave devices.
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